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82a Sunday, February 26, 20120 to 3. Lipid multilamellar dispersions investigated in this work were pre-
pared using the rapid solvent exchange method to preserve compositional
homogeneity throughout the suspension. EPR spin-labeling methods were
used with spin-labeled cholesterol analogues (cholestane spin label [CSL]
and androstane spin label [ASL]) as well as with a spin-labeled phospholipid
(1-palmitoyl-2-(5-doxylstearoyl)phosphatidylcholine (5-PC)) to locate the
phase boundary for CBD formation. DSC was used to locate the phase
boundary for the formation of CRs. Results showed that in both DMPC
and POPC membranes the CBD is already formed at a Chol/PC mixing ratio
of 1, while CRs are formed only when the Chol/PC mixing ratio exceeds the
value of 2. Previous results and data presented here indicate that when the
Chol/PC mixing ratio increases, the PC bilayer becomes saturated with cho-
lesterol first. This phospholipid bilayer, saturated with cholesterol, possesses
unique physical properties. Increase in cholesterol content beyond the Chol/
PC mixing ratio of 1 causes formation of the CBD, and further increase, be-
yond the Chol/PC mixing ratio of 2, causes formation of CRs (presumably
outside of the membrane). Thus, the phase boundary at a Chol/PC mixing
ratio of 1 separates the region with a single liquid-ordered phase and the re-
gion with a coexisting liquid-ordered phase and CBD. The cholesterol solu-
bility threshold at a Chol/PC mixing ratio of 2 separates the region with
a coexisting liquid-ordered phase and CBD from the region in which CRs
are formed.
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Intermembrane forces play a significant role in biological processes such as
fusion, shape transformations, and lipid-protein interactions. Forces suggested
to govern intermembrane interactions include van der Waals attraction, mem-
brane undulations, hydration force, and lipid protrusions. How do the regimes
of these forces overlap and how can we experimentally study them? Through
use of osmolytes and dehydration we can control intermembrane spacing in
liquid-crystalline DMPC-d54 membranes [1]. Measured order parameters
from solid-state 2H NMR spectroscopy allow deformations to be accessed
at a molecularly resolved level [2]. Stresses from dehydration and osmotic
pressure are thermodynamically equivalent, because the change in chemical
potential when transferring water from the interlamellar space to the bulk wa-
ter phase corresponds to an induced pressure. A unified theoretical framework
predicts an ideal equation of state for the membrane system that depends in-
versely on the number waters per lipid as confirmed by experimental 2H NMR
data [1]. Non-ideal interactions (intermembrane forces) within the membrane
system are treated in terms of an osmotic coefficient. Intermembrane forces
have differing temperature dependences and can be separated by the temper-
ature variation of the osmotic coefficient. At lower osmotic pressures (larger
intermembrane separation) the osmotic coefficient has a linear temperature
dependence, agreeing with theoretical predictions for thermal undulations.
At high pressures (smaller intermembrane separation) the osmotic coefficient
becomes independent of temperature, in accord with predictions for lipid
protrusions. Our evidence shows that undulations dominate at intermediate
intermembrane distances and protrusions dominate at short distances. We pro-
vide a new experimental method for understanding intermembrane forces.
This understanding is needed for the interpretation of membrane fusion, shape
transformations, and lipid-protein interactions. [1] K.J. Mallikarjunaiah et al.
(2011) Biophys. J.100, 98-107. [2] A. Leftin and M.F. Brown (2011)
BBA1808, 818-839.
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Giant Unilamellar Vesicles (GUVs) are cell-sized model membrane systems
that allow direct investigation of membrane-related phenomena using fluores-
cence microscopy. Understanding the organization and dynamics of lipid bila-
yers is important for understanding the processes taking place in cell
membranes. Previous work showed that micron-scale domains in GUV canbe observed in some ternary lipid mixtures composed of a high melting temper-
ature lipid, a low melting temperature lipid and cholesterol. However, it is
a well-known problem that GUVs synthesized by the electroformation from
dry lipid films have a wide distribution of transition temperature and lipid com-
position. In this study, we synthesized DOPC/DSPC/cholesterol GUVs and di-
PhyPC/DPPC/cholesterol GUVs by the standard electroformation method from
dry lipid films as well as by a modified method using wet liposomes made from
the Rapid Solvent Exchange (RSE) method. We quantified the lipid composi-
tion distributions of GUVs synthesized by the two methods by measuring the
transition temperature distributions of GUVs using fluorescence microscopy;
since a narrower distribution of transition temperature should correspond to
a more uniform distribution in GUV lipid composition. Our results show that
GUVs synthesized from wet lipid film have a better uniformity in lipid compo-
sition, and the standard deviations of transition temperature are about 3 times
smaller than that of GUVs prepared from dry lipid films. This improved method
not only gives a better control of GUV lipid composition, but also has a poten-
tial of synthesizing GUVs from cell membranes containing native proteins
without going through a dry film state.
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The behavior of lipid membranes near solid surfaces has a great significance
both in medicine and in technology. In spite of the widespread use and study
of such membrane phenomena, their theoretical analysis is rather scarce. Our
main goal here is to understand the process during which membrane vesicles
first adhere to solid surfaces, then rupture (or go through a series of transient
ruptures) due to the mechanical tension induced by the adhesion, and finally
spread along the surface forming a supported lipid bilayer. In our theoretical
description we simultaneously consider the dynamics of spontaneous pore
opening and closing; volume loss via leakage through the pores; and the ad-
vancement of the adhesion front. All these processes are supposed to follow
an overdamped dynamics and coupled to each other through membrane
tension.
Our numerical simulations uncover the nature of the entire rupture process, and
make quantitative predictions about the conditions under which fast vesicle
rupture and supported lipid bilayer formation is expected.
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The mechanism of microparticle shedding from the plasma membrane of
calcium-loaded cells has been investigated in erythrocytes and platelets.
Recent studies have revealed the physiological and clinical importance of mi-
croparticle release from nucleated cells such as lymphocytes and endothe-
lium. The experiments of this study were designed to address whether
simple mechanisms discovered in platelets and erythrocytes also apply to
the more complex nucleated cells. Three such mechanisms were addressed:
potassium efflux, transbilayer phosphatidylserine migration, and membrane
lipid order. The rate and amount of microparticle release in the presence
of a calcium ionophore, ionomycin, was assayed by light scatter at
500 nm. To inhibit the calcium-activated potassium current, cells were ex-
posed to 1 mM quinine or a high-potassium buffer. Both interventions sub-
stantially attenuated microparticle shedding induced by ionomycin.
Microparticle release was also greatly reduced in a lymphocyte cell line de-
ficient in the expression of scramblase, the enzyme responsible for calcium-
stimulated phosphatidylserine migration to the cell surface. This result indi-
cated that such phosphatidylserine exposure is also required for microparticle
shedding. Finally, the effect of membrane physical properties was addressed
by varying the experimental temperature (32-42 C). A significant positive
trend in the rate of microparticle release as a function of temperature was
observed. Fluorescence experiments with merocyanine 540, trimethylammo-
nium-diphenylhexatriene, and patman revealed significant differences in the
level of apparent membrane order along that temperature range. Ionomycin
treatment appeared to cause further disordering of the membrane, although
the magnitude of this change was minimally temperature-sensitive. Thus, it
was concluded that microparticle release depends more on the initial level
of membrane order than on the change imposed by calcium uptake. In
Sunday, February 26, 2012 83ageneral, mechanisms involved in particle release from platelets and erythro-
cytes appeared relevant to lymphocytes.
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Two mechanisms have been proposed to account for the reduction in mem-
brane fluidity observed in the presence of high concentrations of certain
salts: direct binding to phospholipid molecules and dehydration of the mem-
brane. To address these proposals experimentally, we prepared dipalmitoyl-
phosphatidylcholine liposomes with laurdan, which is sensitive to the
presence and mobility of water molecules in the bilayer. Laurdan emission
spectra and steady-state anisotropy were then acquired simultaneously at
multiple temperatures below and above the main phase transition. Calcium
ions (1 M) raised the transition temperature by 8.5 K with minimal effects
on the apparent transition cooperativity and DH. Moreover, laurdan spectra
(quantified by generalized polarization, GP) were blue-shifted at all temper-
atures (by 0.05-0.1 GP units) confirming modest dehydration of the mem-
brane. Anisotropy reflected only the effects on the phase transition with
no alterations to values at the temperature endpoints suggesting that the mo-
bility of laurdan was unaltered by calcium. In contrast, sodium ions pro-
duced little change to the transition temperature, but reduced both the
apparent cooperativity and DH (by ~25%). The laurdan GP was identical
to control samples in the lipid gel phase, but elevated by more than 0.1
GP units at temperatures above the phase transition, suggesting that dehydra-
tion by the salt only occurred in the fluid phase. Surprisingly, anisotropy was
lowered at all temperatures by sodium, reflecting greater mobility of laurdan
notwithstanding the negative impact of the ion on overall membrane fluidity.
Effects of potassium on the phase transition were similar to those of sodium,
but no change in either GP or anisotropy were observed at the endpoint tem-
peratures. These results argue that the mechanism of salt effects on mem-
brane properties is more complex and ion-specific than previously
hypothesized.
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Antimicrobial peptides (AMPs) are ubiquitous molecules that can display an-
timicrobial activity against bacteria, viruses, protozoa and various other path-
ogens. A key aspect of AMP activity is their interactions with biological
membranes. Solid-state NMR spectroscopy has thus been an important tool
for their study. Previous experiments, on model membrane systems, have
elucidated important aspects of AMP mechanism. However, the extent to
which actual in vivo AMP activity can be understood from model studies
is necessarily limited. Peptide-membrane interactions under physiological
conditions are presumably influenced by additional factors such as: interac-
tions with lipopolysaccharides, the presence of membrane proteins, mem-
brane compositional heterogeneity, lipid domains, etc. In order to bridge
the gap between the NMR studies of AMPs using model membranes and
the AMP-membrane interactions occurring in intact cells, we have designed
a procedure to incorporate high levels of 2H-NMR labels, specifically into
the cell membrane, by creating a novel strain of E. coli: LA8. Using this
strain we are able to reproducibly quantify the effects of the AMP MSI-
78 on lipid chain order in bacterial membranes. Treatment with MSI-78
led to an increase in the disorder of the bacterial membrane. This was ob-
served by the decrease in the average order parameter and by the increase
in intensity at the lower frequencies. The peptide:lipid ratios needed to ob-
serve MSI-78’s effects on acyl chain order in the intact cells falls between
the ratios required to observe effects in NMR studies of model lipid systems
and the ratios required to observe inhibition of cell growth in biological
assays.
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Temple University, Philadelphia, PA, USA.The development of liposomal drug formulations to combat diseases such as
cancer is a growing field of study, with over twenty liposomal chemotherapy
drugs currently on the market or undergoing clinical trials. We have previ-
ously demonstrated that cholesterol, often employed as a membrane stabiliz-
ing agent in liposomal drugs, plays a delicate and critical role in the release
kinetics of the chemotherapy drug combretastatin A4 disodium phosphate
(CA4P) in accordance with the principles of sterol superlattice. Here, we in-
vestigate the impact of membrane cholesterol content on the release of the
same drug from ‘‘stealth’’ liposomes, which possess a polyethylene glycol
(PEG) coating that renders them nearly invisible to the immune system
and allows more efficient targeted drug delivery. Samples of stealth
liposome-encapsulated CA4P were prepared in which the cholesterol content
differed little (0.4 mole%) between tubes in order to assess the effect of cho-
lesterol content on a fine scale. First, we used a fluorescence assay which
exploits the intrinsic fluorescence of CA4P to determine its release kinetics
from liposomes in aqueous solution. Next, a cytotoxicity assay was em-
ployed to determine the effect of the various liposomal drug formulations
on cancer cells in vitro. Finally, the data were correlated with the predictions
of the theory of sterol superlattice and compared to previous experimental
results.
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Approximately one third of the world population is infected by the pathogenic
bacterium Mycobacterium tuberculosis. A key to the resilience of M. tubercu-
losis resides in part in its capacity to enter a latent state where it can resist
different oxygen and nitrogen oxidative species such as hydrogen peroxide,
nitric oxide and peroxynitrite produced by the infected macrophages. One pro-
tein responsible for that is trHbN, a truncated hemoglobin, that detoxifies ni-
tric oxide from the cellular environment. It is thought that the protein heme
achieves that through this mechanism (Mishra et al, J. Am Chem. Soc.,
132, 2968-2982):
Fe(II)-O2 þ NO* –> Fe(III) þ NO3-
The importance of studying this protein lies in the fact that we now have to
deal with new antibiotic-resistant strains. Therefore, we have investigated
the trHbN orientation and conformation in different lipid model membranes.
We also have studied the effect of the protein on these membranes. FTIR
was used to observe changes in the conformational order of the lipids in
the presence of the protein and the protein secondary structure. Furthermore,
solid-state NMR provided information on the membrane conformation and
on the protein orientation. These studies were performed in pure lipids,
and also in a mixture of two different lipids (TOCL and DOPE) which
was optimized to achieve a composition similar to that of the bacterial
membrane.
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We are using super-resolution fluorescence localization imaging to probe the
organization and mobility of ‘raft’ and ‘non-raft’ markers in the plasma
membranes of mammalian cells. Our goal is to experimentally test our recent
predictions regarding protein organization and mobility in membranes con-
taining critical fluctuations that are coupled to cortical cytoskeleton (1).
Our raft constructs include the transmembrane domain of linker of activated
T cells (LAT-TM) the transmembrane domain of influenza hemaglutinin pro-
tein (HA-TM), GPI-linked proteins, and cholera toxin B subunit bound to the
ganglioside GM1. Our non-raft markers include palmitoyl-null mutants of
LAT-TM and HA-TM constructs, and the lipid probe DiIC12. We are prob-
ing the organization and mobility of the above markers either through con-
jugated photoactivatable (PA) fluorescent proteins (PALM), or through the
reversible blinking of organic fluorophores (STORM). By measuring auto-
correlations and cross-correlations from one and two color fixed cell images,
we quantitatively probe the nano-scale organization of components and can
compare our findings to our recent predictions. We quantitatively probe the
diffusion and confinement of membrane components by measuring the mean
